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Abstract

Nitrogen (N) is uptake by oil palm (Elaeis guineensis) depends on a few factors including
palm age. N is consumed in every plant parts but most importantly it is used in the synthesis of
chlorophylls. Chlorophyll is often used to determine plant N status in non-destructive sampling.
Oil palm physiological responses to N treatment are well studied but the spectral response
associated with it is poorly understood. It is suspected that the basis of the spectral response in
relation to N comes from the oil palm cell morphologies. Opportunities has presented itself to
study the effects of N treatment on the cell morphologies and to link this to the spectral response
obtained through multiple sensors such as SPAD and spectroradiometer. Two experimental sites
belonging to United Melaka Berhad Plantation with oil palm age 12 and age 15 were chosen. Each
site was randomly divided into split plot of N treatment. The treatment was 0 kg, 1 kg, 2 kg of N.
leaf cell structure and spectral data (SPAD and reflectance) from frond 9 and 17 of the oil palm
was collected and analysed. The same frond was also subject to histological procedure and 10pm
slides was analysed and correlated to spectral data. It was found that cell density played indirect
but an important role in partially explaining the spectral readings. Cell density was influenced by
both N treatment and palm age. Increasing N treatment increased cell hyperplasic but this may not
have direct effect on spectral readings, rather spectral readings was indirectly effected by cell
density by the amount of cell that received light directly. The region of 700 — 1350nm have good
correlation for chlorophyll prediction. Cell density however, have weak correlation with any

wavelength with the r value ranging from r=- 0.6 to 0.2.

VII



Chapter 1

1.0 Introduction

1.1 Introduction

One of the most economically important plantation crop in Malaysia and the South East
Asian region is oil palm (Elaeis guineensis Jacq.). In Malaysia, the hectarage of oil palm planted
is more than 1 million hectare with the estimated production of crude palm oil (CPO) in the range
of over 8 million tonnes (MPOB, 2017). Given its economic importance, oil palm physiology is
studied extensively. Its general growth physiology is well studied and known. The general
recognized palm oil growth stages are immature, young mature, mature, and old. It is known that
each growth stage has different nutrient demands to maintain yield. This nutrient requirement is
usually specific to location and is determined through soil analysis. An example of oil palm

nutrient demand on N, P, K, Ca, and Mg is given in Table 1.



Table 1: Nutrient demand in oil palm for 148 palms ha!

Period (yrs) Nutrient demand (kg ha™! yr')
N P K Mg Ca
0-3 40 6 55 7 13
3-9 191-267 32-42 287-387 48-67 85-114
0-9 1266-1722 210-270 1887-2487 309-423 549-723

Note: Adapted from Fairhurst and Hardter (2003)

Even though nutrient is given in sufficient amount, environmental conditions, oil palm
health, and oil palm growth stage can affect the so called “internal nutrient partitioning” in the
plant which also effects the growth and yield of the plant. One of the important nutrient that is
partitioned and consumed in large amount is nitrogen (N). N is considered as a mobile element
and rarely its deficiency symptoms will be seen in young leaves unless there is very severe NO3"

or NH4" deficiency in the soil or the nutrient somehow become unavailable.

Nitrogen is used in every plant organs and parts but the organs that consume N the most
other than the fruit is the leaves (Barker, 2015). The chlorophyll pigment in the leaves contain up
to 4 N molecule per chlorophyll pigment and considering there 6 types of chlorophyll (a to f), the
leaf is major N sink. Oil palm greenness is a good indicator of the overall health of the palm since

the chlorophyll content is directly correlated to the plant health (Carter, 1993).

There are many methods to assess chlorophyll content. Currently, the most popular method
is a light-based assessment either through light transmission, reflectance, or absorbance. Light

based method, although an indirect method of measuring N foliar content, is fairly accurate since
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75% of foliar N is concentrated in the chlorophyll pigment (Barker, 2015). Some methods of light
based measurement is more accurate and suitable than others. For example, recent study by
Amiruddin et al. (2014) and Salim (2014) were in agreement that SPAD data have low correlations
in mature oil palm, but spectroradiometer such as the GER 1500 device produce marginally better
results (Amiruddin et al., 2017) and can be improved with the use of indices such as vis+NIR and
G+R+NIR (Amiruddin et al., 2017). Of course, the more accurate method of determining foliar N
is through chemistry based nutrient analysis. Nutrient analysis is although highly accurate, is very
time consuming and can be expensive. Nutrient analysis is also a destructive method which may
not be an option in trials where there is limited number of plants. Indeed, the attractiveness of
spectral based of N determination are quick and easy, non-invasive, and instantaneous result. It is
worth mentioning that nutrient analysis is important in confirming and calibrating light based

pigment analysis.

In using light based method in determining oil palm foliar N, it is important to understand
and research the mechanism in which light interacts with leaf cells. To date no such research has
been done on oil palm or even the family aracaceae (palmae). The closest research was done by
Slaton et al. et al. (2001) on angiosperm. Their finding is interesting in that they found correlation
between areas on the surface of mesophyll cell expose to the intercellular air space over the total
leaf area in the 800nm reflectance range. Should this relationship be true for oil palm, new indices
that include the spectral reflectance at 800nm can be included into the current indices to further
increase the accuracy of the predicted foliar N. As such a histological sample of leaves can be
examined to evaluate the effects of N treatment on the cell structure and thus elucidate the

relationship between spectral reading and the cell structure. The cell can either become



hypertrophic or hyperplasic under various N treatments. However, the oil palm being a perennial
crop, it does not have distinct nutrient partitioning indicator and this makes the prediction of foliar
N difficult. As such it is worth investigating the relationship between cell, N treatment, and the

spectral reflectance.



1.2 Objectives

The purpose of this study is to examine the relationship between cell morphology, its

reflectance, and chlorophyll count. The specific objectives are:

1.2.1 To characterise leaf cell morphologies of N fertilized mature oil palm

1.2.2 To elucidate the relationship between leaf cell morphologies with the chlorophyll
content.

1.2.3 To examine the relationship between cell properties with reflectance data obtained

from multiple proximal sensors
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